Cyanobacteria constitute the largest, most diverse and widely distributed group of prokaryotes that perform oxygenic photosynthesis. These are known to comprise a diverse flora of morphologically distinct forms. Some species are epiphytic occurring on a variety of plants. The present study was undertaken to study the distribution pattern of epiphytic cyanobacterial flora in the foot-hills of Garhwal Himalaya. An extensive survey was carried out in different seasons at four cyanobacteria-rich localities (Dakpatthar, Kotdwar, Rishikesh and Laldhang) of Uttarakhand state of India. A total of 39 epiphytic cyanobacterial taxa (12 heterocystous and 27 non-heterocystous) belonging to 2 orders, 7 families and 17 genera were recorded from this region. Highest number of species (25) was reported from Rishikesh, followed by Kotdwar with 14 species and Laldhang and Dakpatthar each with 12 species. Principal Component Analysis showed significant variation for epiphytic cyanobacterial diversity among studied sites, whereas cluster analysis categorized epiphytic cyanobacterial diversity under two categories, viz.
Introduction
Cyanobacteria belong to the most archaic organisms on the earth. The palaeobotanical records show that they were first to appear on the globe for over 2.5 billion years ago (Schopf and Walter 1982; Schopf and Packer 1987) and dominated the biota in the Proterozoic Era, an Era between 2.5 and 0.5 billion years ago. Due to the occurrence of blue-green algae, the Proterozoic Era is also known as "Age of Cyanophyceae" (Van den Hoek et al. 1993) . Cyanobacteria grow by the asexual mode of reproduction due to the formation of the hormogonia or endospores or by the fragmentation of the colonies. No sexual reproduction has been reported in cyanobacteria till now. However, genetic recombination similar to bacteria has been observed in some cases (Kumar 1962).
They occur in great variety of natural habitats, but are often abundant in terrestrial and aquatic (freshwater and marine) environments. They exist in nature as free floating, epilithic, epipelic, epiphytic, endophytic and thermophilic forms (Fogg et al. 1973; Kumar 2002) . Khare and Kumar (2009) have reported some Chroococcales growing as epiphytes in the foot-hills of Uttarakhand Himalaya. The members of Cyanophyceae also form dominant plant life in frigid rivers of Garhwal Himalaya, where they create an extensive benthic mat or scum under/over water ponds, streams and over the surface of moist soils. Ariosa et al. (2004) studied epiphytic cyanobacteria on Chara vulgaris and their role as main contributors to N 2 fixation in rice fields. They proposed that average nitrogen fixation rate associated with *For correspondence, e-mail: mukesh.najibabad@gmail.com; tel: +919412518789 Chara was 27.53 kg of N ha . Fong et al. (2006) studied epiphytic cyanobacteria and found that they maintain shifts to macro-algal dominance on coral reefs. Williams et al. (2007) found a novel epiphytic cyanobacterium associated with reservoirs affected by avian vacuolar myelinopathy.
The abilities of cyanobacteria to withstand adverse ecological conditions, their capacity to thrive well in hostile environments, and response to the onset of dry conditions have distinguished this group as pioneers of plant succession.
The light plays an important regulatory role with regard to distribution and abundance of cyanobacteria. Most of the species of cyanobacteria are obligate phototropic. pH is an important factor that affect the growth of cyanobacteria. Good cyanobacterial growth needs an optimum pH >7 of the medium and sometimes as high as 10 (Fogg et al. 1973) . Temperature also plays an important role in stimulating the growth of cyanobacteria. Robarts and Zohary (1987) 
Materials and Methods

STUDY AREA
The study area is situated in south-west to east of Siwalik On returning to the laboratory, they were washed thoroughly with water, transferred to air-tight glass containers, and preserved in 4% formalin solution. The micro-slides were prepared from the fixed as well as fresh algal materials for microscopic observations. Temporary glycerin mounts prepared for the study were converted to semi-permanent slides by sealing the joints of slide and cover slips by nail polish with the help of slide ringing table.
IDENTIFICATION OF THE CYANOBACTERIA
The identifications were made by following Desikachary (1959) and Anand (1989) , and also by the consultation of other pertinent literature (Kumar 1985; Mann 2000; Stal 2000) in the field. The cyanobacterial specimens were identified at the level of class, order, family, genus and species.
Morphological variations of different specimens were also analyzed. 
NUMERICAL METHODS
Principal component analysis (PCA), an indirect gradient ordination method, was used to summarize the compositional differences among the research sites based on the abundance (presence-absence) on epiphytic cyanobacterial flora, using multivar option in PAST 1.92 (Hammer et al. 2001; Hall 2005 ). Cluster analysis (using Euclidean distance method) of the different cyanobacterial flora with reference to their occurrence in various sites has also been done by using the same software.
Results
DIVERSITY OF EPIPHYTIC CYANOBACTERIA
Cyanobacterial flora of the study area was represented by 39 species belonging to 17 genera and 7 families of 2 orders, namely Chroococcales and Nostocales (Table 2 and (Figures 2 and 3 ). Site-wise details of various taxa recorded in the present study are presented in Table 2 . Whole of the species belonging to Chroococcales were nonheterocystous, while Nostocales represented 10 nonheterocystous and 12 heterocystous species (Table 3) .
Chroococcus (with 6 species), Microcystis (4), Lyngbya (4), Aphanocapsa (4) and Calothrix (4) were the best representative genera of this region with higher number of epiphytic taxa. These were followed by Oscillatoria (2 species), Spirulina (2), Aulosira (2), Michrochaete (2) and Gloeotrichia (2). Other genera included Synechocystis (with 1 species), Merismopedia (1), Xenococcus (1), Phormidium (1), (1) and Rivularia (1) . Highest number of species (25) 
Discussion
Taxonomic analysis of the species shows that the foot-hills of Garhwal Himalaya are rich in epiphytic cyanobacterial diversity. Present study represents 39 cyanobacterial species occurring as epiphytes at various research sites ( Table 2 ).
The foot-hills of the Himalayan range provide higher (2005), and Khare and Kumar (2009) in the foot hills of Garhwal and Kumaon regions of Uttarakhand, India.
As suggested by PCA (Figure 4) 
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